Department of Physiology and Neuroscience Program, The University of Michigan, Ann Arbor, Michigan 48109-0622 Electrophysiological and morphological properties of neurons in the rat basolateral amygdala (BLA) were assessed using intracellular recordings in brain slice preparations. The vast majority of cells studied were identified as pyramidal cells on the basis of their accommodation response and by a prominent afterhyperpolarization that followed a currentevoked burst of action potentials.
The second class of cells consisted of late-firing neurons that were distinguished electrophysiologically by their very negative resting membrane potential (-82 mV) and conspicuous delay in the onset of spike firing in response to depolarizing current injection. The third class of cells, termed fast-firing neurons, possessed many of the features of intrinsic inhibitory interneurons found elsewhere in the brain. These included very brief action potentials (0.7 msec), a relatively depolarized resting membrane potential (-82 mV), and spontaneous firing at a high rate and the absence of spike frequency accommodation. Intracellular labeling with Lucifer yellow of electrophysiologically identified pyramidal and late-firing cells showed them to have pyramidal to stellate cells bodies and spinecovered dendrites.
Although having an overall pyramidallike morphology, late-firing neurons possessed cells bodies and dendritic fields that were smaller than those of pyramidal cells. Lucifer yellow-labeled fast-firing neurons had a nonpyramidal morphology, with somata that were spherical to multipolar in shape and spine-sparse or aspiny dendrites. The morphological features of these cells corresponded closely to those of GABA-containing interneurons that have been described previously in the rat BLA using immunohistochemical techniques (McDonald, 198513) . Thus, it seems likely that activation of fast-firing neurons underlies inhibitory synaptic events that are recorded in the rat BLA. Our data support the conclusion derived from previous anatomical studies that pyramidal neurons constitute the predominant cell type in the BLA and function as projection neurons in this region of the amygdala.
The determination of whether late-firing cells constitute a unique class of projection neurons distinct from pyramidal cells must await the outcome of studies in which the anatomical terminations of this cell type are specified.
To gain a full understanding of the integrative mechanisms involved in the processing of information within a neural circuit, it is first necessary to characterize fully the properties of its constituent elements (Llinas, 1988) . This kind of basic information is critical when the task at hand involves the characterization of the intrinsic organization and cellular interactions in a brain region as complex and poorly understood as the basolateral amygdaloid nucleus (BLA). Light microscopic analyses of Golgi-impregnated neurons in the rat BLA (McDonald, 1982 (McDonald, , 1984 Millhouse and DeOlmos, 1983) have described three basic cell types. The first group consists of spiny pyramidal or stellate projection neurons that comprise greater that 95% of the cells in this nucleus. A second, rarely observed class of neurons is composed of neurogliaform cells (McDonald, 1982 (McDonald, , 1984 . The third class consists of a heterogeneous population of aspiny or spine-sparse stellate cells with somata averaging 15 pm in diameter (McDonald, 1982 (McDonald, , 1984 Millhouse and DeOlmos, 1983) . Immunohistochemical studies performed with antiserum generated against GABA (McDonald, 1985b) or glutamic acid decarboxylase (Carlsen, 1988) indicate that this third class of cells represents intrinsic GABAergic interneurons. Subsequent immunohistochemical studies have demonstrated that the continuum of cell morphologies represented in the class of aspiny local circuit neurons correspond to separate populations of peptide-containing interneurons, the majority of which colocalize GABA (McDonald, 1985a; McDonald and Pearson, 1989) . While anatomical studies have clearly demonstrated that a considerable degree of morphological heterogeneity exists within the rat BLA, to date the only electrophysiological characterizations of neurons in this brain region have been confined to the predominant pyramidal-type neurons (Gean and Shinnick-Gallagher, 1989; Rainine et al., 1991a,b; Washburn and Moises, 1992a,b) .
In the present study, conventional intracellular recordings were used to characterize the electrophysiological properties of pyramidal and nonpyramidal cell types in the rat BLA. This was followed with intracellular labeling of cells with the fluorescent dye Lucifer yellow (LY), which allowed for the morphological characterization of physiologically identified neuronal types within the BLA. We have found that cells with physiological properties akin to those of the pyramidal BLA cells described previously (Gean and Shinnick-Gallagher, 1989; Rainine et al., 199 la; Washburn and Moises, 1992a,b) possessed morphological characteristics that were quite similar to those of pyramidal cells in rat hippocampus and cortex. In addition, this study provides the first electrophysiological characterization of two morphologically distinct classes of nonpyramidal cells that appear to correspond, respectively, to intrinsic GABAergic interneurons and a physiologically distinct but chemically unidentified subclass of small pyramidal-like neurons.
A preliminary report ofthese findings has appeared previously (Washburn and Moises, 1990 ).
Materials and Methods
Male Sprague-Dawley rats (Charles River) weighing 150-250 gm were used in this study. Animals were killed by decapitation and their brains quickly removed and placed in ice-cold oxygenated artificial cerebrospinal fluid (ACSF) consisting of (in mM) NaCl, 124; KCl, 3.5; MgSO,, 1.5; NaH, PO, , 1 .O; NaHCO, , 26.2; glucose, 11 .O; and CaCl, , 3 .0. Slices of ventral forebrain containing the amygdala were cut at a thickness of 450 pm in the horizontal plane using a Vibroslicer. One slice was transferred immediately to the recording chamber and held submerged between two layers of nylon mesh under continuously flowing ACSF prewarmed to 32°C. The remaining slices were transferred to an incubation chamber and maintained in oxygenated ACSF at room temperature (23°C). Slices were allowed to equilibrate for at least 1 hr before intracellular recordings were attempted.
Conventional intracellular voltage recordings were obtained from cells in the BLA nucleus using glass microelectrodes filled with 2 M potassium acetate (pH 7.0) and having resistances of 90-l 60 MR. Recordings were amplified and displayed on an oscilloscope and Gould chart recorder. Signals were also fed to a computer interface (TL-1, Axon Instruments) that digitized the analog waveforms for analysis by a microcomputerbased program (pCLAMP, Axon Instruments).
Only cells with membrane potentials greater than -5 5 mV and overshooting action potentials were included in this study. Under our recording conditions, the vast majority of BLA cells were not spontaneously active but cells could be made to fire by passage of direct depolarizing current pulses through the recording electrode using a standard bridgebalance circuit (Axoprobe 1 -A, Axon Instruments). Input resistance was determined by passing an incremental series of current pulses (0.1 nA increments; range, -0.8 nA to +O.l nA, 150 msec) through the recording electrode and measuring the resultant voltage deflections. Current-voltage plots were then constructed by plotting the amplitude of each deflection against the amplitude ofthe corresponding current pulse. The slope of the line representing a linear regression of these points was taken to be the input resistance. Membrane time constants were calculated for small (150 msec) hyperpolarizing current pulses (-0.3 to -0.2 nA) using a least-squares fit exponential-fitting program (CLAMP-FIT, Axon Instruments).
EPSPs and IPSPs were elicited in BLA neurons by delivering voltage pulses of 0.1 msec duration via a bipolar stimulating electrode placed on the surface of the slice over the external capsule (EC). While the EC could be easily identified visually, we relied on anatomical landmarks in the slice and diagrams of stereotaxically defined sections (Paxinos and Watson, 1982) for guiding placement of the recording electrode in the BLA. Typically, the stimulus intensity delivered was that which evoked an EPSP whose amplitude was just below threshold for generating an action potential when recordings were made at the resting membrane potential. Membrane potential was manually adjusted by intracellular injection of direct current through the recording electrode, and was held at -80 to -90 mV when characterizing EPSPs elicited by EC stimulation and at near threshold for firing (approximately -60 mV) when examining orthodromically evoked IPSPs.
4-Aminopyridine (4-AP; Sigma) was applied to the slice by switching the bath superfusate from normal ACSF to ACSF containing known concentrations of drug. In some experiments, TTX (1 PM; Sigma) was included in the bathing medium to block action potentialdependent nemotransmitter release and to distinguish direct actions of drugs on the neuron under study from possible remote actions.
For intracellular labeling of neurons, electrodes were filled with 4% LY CH (dilithium salt; Sigma) in 1 M lithium acetate. These electrodes typically had resistances between 120 and 300 MB. After characterization of passive and active membrane properties, neurons were dye filled by passing 0.5-1.0 nA hyperpolarizing constant current usually for 5-10 min. Brain slices containing LY-filled cells were fixed overnight in 4% paraformaldehyde and then stored up to 1 week in Tris-buffered saline solution at 4°C. Slices were then dehydrated in alcohol and cleared in methyl salicylate. Cells were observed and photographed using a Leitz Orthoplan microscope. Camera lucida drawings were also made of the majority of labeled cells.
Results
Earlier reports from this (Moises and Washburn, 1990; Washbum and Moises, 1992; Womble and Moises, 1992) and other laboratories (Gean and Shinnick-Gallagher, 1988, 1989; Rainine et al., 199 1 a,b) have provided detailed descriptions of the properties of pyramidal-type neurons in the rat BLA. In these studies, neurons were characterized as pyramidal cells primarily on the basis of the responses they showed to depolarizing current pulses. In the present study, we were able to characterize two additional cell types in rat BLA as distinct from pyramidal cells on the basis of their current-evoked pattern of discharge. The first type of neuron fired single action potentials at a delayed onset in response to a current-evoked depolarization and will therefore be referred to as late-firing cells. The second class of nonpyramidal cells fired very short-duration action potentials at high frequency immediately upon depolarization and showed no sign of spike frequency accommodation during prolonged depolarizing stimuli. These cells will subsequently be referred to as fast-firing neurons. The electrophysiological properties of all three cell classes of BLA neurons are described below, along with their morphological characteristics as revealed by LY labeling.
Pyramidal-type neurons
We have recorded from over 689 neurons in the rat BLA that met minimal criteria for health and stability. Approximately 93% of the intracellular recordings obtained were from cells that displayed a common profile of electrophysiological properties that have served previously to identify such neurons as pyramidal cells (Washburn and Moises, 1992a,b) . While the electrophysiological characteristics of pyramidal-type neurons in this report are essentially the same as previously described (see Washburn and Moises, 1992a,b) , the properties of a representative sample of these neurons are reiterated here for purposes of comparison with those of the two nonpyramidal cell types. Pyramidal cells had a mean resting membrane potential of -69.5 * 0.7 mV (mean f SEM; H = 85) and were not spontaneously active at resting membrane potential. When neurons were made to fire by passage of a brief (10 msec) depolarizing current pulse through the recording electrode, the mean amplitude of the first evoked action potential was 93.0 ? 2.0 mV (n = 31) and the duration was 1.8 + 0.1 msec (n = 31).
The typical responses of a BLA pyramidal cell to intracellular current injection and to electrical stimulation of afferents in the EC are shown in Figure 1 (left panels). When the cell was depolarized to a level just above spike threshold (-56 mV) by delivery of a short (200 msec) 0.3 nA current pulse, it fired a burst of two action potentials early in the depolarization and then fell silent for the duration of the pulse (Fig. lAl, left) . Delivery of a larger-amplitude depolarizing current pulse (0.7 nA) caused the cell to fire an initial burst of spikes followed by a short train of single action potentials at increasing interspike intervals that eventually gave way to complete accommodation in firing (Fig. lAI, inset) . The marked degree of spike frequency accommodation displayed by this cell can be seen in Figure lA2 (left), which illustrates the response obtained following intracellular injection of a 0.5 nA depolarizing current pulse of more prolonged duration (450 msec). In one-third of the pyramidal cells studied, the accommodation response was characterized by a complete cessation of discharge following an initial burst of action potentials, whereas in the remaining two-thirds it was Figure 1 . Comparison of current-evoked and synaptic responses of individual pyramidal, late-firing, and fast-firing rat BLA neurons. Al, Differences in threshold current-evoked responses. Left, The pyramidal cell generated a two-spike burst when depolarized to just above spike threshold by delivery of a 0.3 nA current pulse and discharged a multispike burst to larger current injection (0.7 nA; inset). Center and right, The response of a late-firing neuron to depolarization just above threshold consisted of a single action potential occurring late in the depolarization center, whereas the fast-firing neuron shown at the right discharged in bursts of action potentials throughout the duration of a depolarizing stimulus. In this and subsequent figures, the voltage records are displayed in the upper trace and the current steps in the lower trace. 2, Accommodation responses of BLA neurons. Left, Passage of a 450 msec depolarizing current pulse (0.5 nA) caused the pyramidal neuron to fire a burst of spikes, after which it fell silent. Center, After an initial delay, the late-firing cell responded to the same stimulus by firing at a regular rate throughout most of the currentevoked depolarization. Note that this response was not elicited from resting membrane potential. Right, Identical stimulation parameters evoked a high-frequency spike discharge in the fast-firing neuron with no sign of accommodation. 3, AHPs of BLA neurons. Passage of a 1.0 nA shortduration (150 msec) current pulse through the recording electrode caused the pyramidal cell to fire a series of action potentials that was followed by a prolonged AHP (left). Delivery of an identical current pulse evoked actions potentials that were followed by transient AHPs in the late-firing (center) and the fast-firing cells (right). B, Synaptic responses to EC stimulation. Right, Responses of a pyramidal cell to EC stimulation (0.1 msec) recorded at membrane potentials depolarized (-58 mV) and hyperpolarized (-82 mV) from resting level. Center, Synaptically evoked responses of the late-firing neuron elicited from depolarized (-55 mV) and hyperpolarized (-80 mV) membrane potentials. Note the presence of a small IPSP and subsequent membrane depolarization (arrow) when the EC stimulation was delivered while recording at a membrane potential near firing threshold. Right, EC-evoked burst discharges of a fast-firing neuron from depolarized (-60 mV) and hyperpolarized (-90 mV) membrane potentials.
Resting membrane potentials of the pyramidal, late-firing, and fast-firing neurons were -71 mV, -83 mV, and -60 mV, respectively.
represented by a progressive slowing of spike discharge. Despite this difference in accommodation responses, virtually all pyramidal cells generated a prolonged afterhyperpolarization (AHP) of up to 20 mV in amplitude after termination of a depolarizing current pulse that elicited a burst of action potentials (1 .O nA, 150 msec) (Fig. lA3 ). Although not readily apparent from the record shown in Figure lA3 , the AHP evoked in BLA pyramidal cells was composed of an initial intermediate and subsequent slow component. Recordings from other neurons (Storm, 1989; Williamson and Alger, 1990) indicate that a variety of conductances, including I,, IQ, and Zc, contribute to the intermediate AHP and that this conductance is thus distinguished from the fast AHP that follows single action potentials, The slow AHP is mediated by the activation of a calcium-dependent potassium conductance, termed I,,, which is distinct from the calcium-dependent potassium conductance underlying the fast AHP (I,; Lancaster and Adams, 1986 ; see also Washburn and Moises, 1992a,b) . Pyramidal-type neurons were also clearly identified as a homogeneous class of cells on the basis of the responses they gave to electrical stimulation of the EC. Figure 1B (left) shows the profile of synaptic events typically recorded in a pyramidal neuron following EC stimulation with single shocks. When this cell was depolarized to just below spike threshold (upper trace) with direct current, stimulation of the EC elicited a short-latency EPSP of several millivolts in amplitude followed by a biphasic membrane hyperpolarization consisting of an early and late IPSP. As the cell was progressively hyperpolarized with constant current injection, the size of the EC-evoked EPSP increased (lower trace). Work in this (Washburn and Moises, 1992b ) and other laboratories (Rainine et al., 1991b) has demonstrated that the early and late IPSPs evoked by stimulation of BLA afferents are mediated by the activation of GABA, and GABA, receptors, respectively, whereas the synaptically evoked EPSP is glutamatergic in nature (Rainine et al., 1991a) . During recordings from pyramidal cells, spontaneous synaptic potentials were often seen as small positive or negative voltage deflections superimposed on the baseline resting membrane potential. Although spontaneous EPSPs were occasionally observed in recordings from pyramidal and nonpyramidal cell types, only pyramidal-type BLA neurons displayed spontaneous IPSPs.
Late-jiring neurons Stable, long-term impalements were obtained from 38 neurons that possessed a number of passive and active membrane properties that distinguished them from pyramidal and fast-firing neurons. A readily distinguishable feature of these neurons was the presence of a conspicuous delay in onset to firing to depolarizing stimuli, hence their designation as late-firing neurons. This class of neurons was also readily identified by their very negative resting membrane potential (mean = -82.4 f 1.2 mV), which was significantly more negative than that of pyramidal (-69.5 k 0.7 mV; p < 0.05) or fast-firing neurons (-62.0 ? 2.2 mV; ,a < 0.05). In addition, the average input resistance of late-firing neurons (25.8 f 1.7 MB; n = 2 1) measured at resting membrane potential was markedly lower than that of pyramidal (39.5 + 1.6 MQ; n = 46) or fast-firing (48.8 +-7.0 MO; n = 9) neurons. The duration and amplitude of the current-evoked action potential of late-firing (1.5 ? 0.1 msec; 98.0 f 1.6 mV; n = 22) and pyramidal cells (1.5 f 0.1 msec; 93.0 f 2.0 mV; n = 31) were not significantly different. The time constant of late-firing neurons averaged 7.3 k 0.5 msec (n = 21).
As noted above, late-firing neurons were classified and distinguished from pyramidal and fast-firing neurons based on the responses they gave to intracellular injections of depolarizing current. Delivery of a short (200 msec) depolarizing current pulse produced a membrane depolarization having two distinct phases, an initial rapidly rising component followed by a gradual depolarization. When recording from a late-firing neuron at resting membrane potential, a single action potential was evoked at long delay from stimulus onset in response to a current stimulus that just exceeded threshold (Fig. lAl, center) . Delivery of a slightly smaller stimulus from a depolarized level (-75 mV) evoked a train of action potentials that was initiated at a delayed onset latency (Fig. lA2, center) . Under these conditions, no accommodation of spike discharge was observed. In 33 of the 38 cells studied, an intermediate AHP was seen to follow the current-evoked train of action potentials (Fig. lA3, center) . In contrast, only three late-firing cells showed the prominent slow AHP that was characteristic of pyramidal-type neurons.
The characteristic delay in current-evoked spike discharge that was found in all late-firing neurons might be accounted for by the activation of a fast potassium conductance that occurs upon depolarization ofthe membrane potential from rest. Likely candidates for producing these effects are Z, and I,,, transient potassium currents that activate rapidly upon depolarization and inactivate during prolonged depolarization (Gustafsson et al., 1982; Rogawski, 1985; Storm, 1988 Storm, , 1990 Surmeier et al., 1988) . To investigate this possibility, we first examined the effect ofconditioning membrane depolarization on the initial transient rectification of late-firing neurons. Cells were depolarized to a number of different potentials with direct current, and at each level a 20 msec current pulse was delivered whose magnitude was adjusted (0.1-0.9 nA) such that the neuron was depolarized to just above threshold for eliciting an action potential. Results from a typical experiment are shown in Figure 2B . In this neuron and all others tested (n = 9) the initial rectification was progressively attenuated as current-evoked responses were elicited from increasingly depolarized membrane potentials. The potential involvement of IA or I,, in mediating the delay in spike firing was further examined in experiments in which we compared the responses of late-firing neurons (n = 4) to depolarizing current injection before and during superfusion of 4-AP. The results of a typical experiment are illustrated in Figure 2C . Addition of 4-AP (100 PM) to the bathing medium reversibly abolished the initial period of membrane rectification and allowed the initial phase of the electrotonic potential to reach a more depolarized level. As a result, late-firing neurons discharged spikes throughout the entire period of a current-evoked membrane depolarization in the presence of 4-AP (Fig. 2C,  center) . Similar results were obtained in all four neurons studied.
Synaptic responses to EC stimulation were examined in 35 late-firing neurons. The orthodromically evoked responses of a representative late-firing cell are shown in Figure 1B (center). When recording from this cell at a membrane potential (-80 mV) close to rest (-83 mV), EC stimulation produced only a large EPSP (Fig. lB, center) . The amplitude of the EPSP decreased and was followed by a small IPSP (E," = -67.2 -t 3.1 mV; n = 12) and subsequent slow depolarization ( Fig. 1 B, center, arrow above upper trace) when EC stimulation was delivered while recording at a depolarized membrane potential (-5 5 mV; Fig. 1 B, center) . This profile of synaptic responses was observed in 26 of 35 late-firing neurons when responses were recorded at membrane potentials near spike threshold (-55 to -60 mV). In each instance, the amplitude of the current pulse (0.6 nA from -75 mV, 0.3 nA from -70 mV, 0.2 nA from -65 mV) was adjusted such that the cell was depolarized to just above threshold for spike discharge. The membrane response to depolarizing current injection was characterized by an initial period of membrane rectification that was abolished as responses were elicited from progressively more depolarized membrane potentials. C, Records from the same cell as in A and B show blockade of membrane rectification during initial phase of a 350 msec, 0.5 nA current pulse by 100 rM 4-AP. Note that superfusion of 4-AP-containing medium also shortened the interspike interval. These effects were partially reversed 20 min after switching back to normal bathing medium. Resting membrane potential was -86 mV.
In the remaining late-firing neurons, stimulation of the EC while recording at depolarized membrane potentials elicited only an EPSP (n = 2) or an EPSP followed by a slow depolarization (n = l), an IPSP (n = 4), or an IPSP and subsequent late hyperpolarization (n = 2). The slow depolarization that followed the IPSP was only observed when recordings were obtained at membrane potentials depolarized quite far from the resting level. In many cases (n = 1 I), it was of sufficient amplitude to trigger one or two action potentials when EC stimulation was delivered during depolarization of the cell to near spike threshold. The finding that the slow depolarization increased in size as the cell was depolarized with direct current and was not elicited at resting membrane potential suggested that this depolarizing response was not a conventional EPSP mediated by release of a classical excitatory neurotransmitter.
Fast-jiring neurons A third population of cells, which we have referred to as fastfiring neurons, was encountered in less than 2% of all recordings from the rat BLA (10 of 689 total recordings). It was rather difficult to obtain stable, long-term impalements from these neurons, and in most instances the initial impalement resulted in rapid deterioration of the membrane properties of the cell. Thus, the low incidence of recordings that were obtained from fast-firing cells might be somewhat of an underestimate of the actual percentage of these neurons found in the BLA. The results discussed here were generated from 10 fast-firing cells in which we were able to obtain stable recordings for at least 20 min. Fast-firing neurons were often identified immediately upon impalement by their high rate of spontaneous discharge (50-150 Hz). Of the three cell classes described here, only fast-firing neurons were spontaneously active at resting membrane potential (6 of 10 cases). In addition, recordings obtained from 8 of the 10 fast-firing neurons showed a high constant rate (100-200 Hz) of excitatory synaptic bombardment (for example, see records in Fig. 4B ). A second characteristic by which fast-firing neurons were unambiguously distinguished from pyramidal and late-firing cells was by the short duration of their action potential (0.7 f 0.1 msec; n = 9; range, 0.4-0.9 msec). The average resting membrane potential of fast-firing neurons (-62.0 f 2.2 mV; range, -76 to -56 mV; n = 10) was markedly more depolarized than that of the pyramidal or late-firing neurons. Although the apparent input resistance of fast-firing neurons was close to that of pyramidal cells (48.8 f 7.5 MQ; range, 20.3-82.0 MO) (Fig.  3A) , the charging time constant of these cells (5.8 + 0.7 msec; n = 9) was considerably faster than that of pyramidal cells (15.7 -t 0.7 msec, n = 41). In the majority of fast-firing cells (n = 7), the electrotonic potentials produced by injection of hyperpolatizing current pulses showed a small "sag," and a prominent depolarizing response followed the offset of the current pulse (see arrows in Fig. 3A) .
Fast-firing neurons were also classified as constituting a dis- tinct class of cells on the basis of their responses to intracellular injection of depolarizing current pulses. All 10 fast-firing cells fired trains of single action potentials at modest to high frequencies (100-200 Hz) in response to short and prolonged depolarizing current pulses, without signs of accommodation (Figs. lA2, right; 3C9. However, while all fast-firing cells responded in a similar manner to a large-amplitude depolarizing current pulse, two rather distinct firing patterns were observed when cells were depolarized to a level just above threshold for spike firing. One group of fast-firing neurons (n = 4) fired several short bursts ofaction potentials separated by quiet periods throughout the duration of the depolarizing pulse (Fig. lAI, right) . The remaining six cells fired a continuous regularly spaced train of action potentials throughout the extent of the depolarizing stimulus at a rate that graded with the intensity of the current pulse (Fig. 30 . In all fast-firing cells, each individual action potential that was contained within the current-evoked spike train was followed by a pronounced fast AHP. Fast AHPs were also observed following single spikes that were evoked by intracellular injection of brief (10 msec) small-amplitude current pulses (Fig.  3B) . A longer-duration AHP was observed following a series of current-evoked action potentials, but this response was typically much smaller than those of pyramidal cells (Fig. lA3, compare  right and left) .
The responses of fast-firing neurons to orthodromic activation following stimulation of the EC provided an additional means that helped to differentiate this class of cells from pyramidal and late-firing neurons. Whereas the synaptic response profile of pyramidal cells contained a prominent inhibitory component, the EC-evoked responses of fast-firing neurons consisted largely of excitatory events, as shown, for example, in Figure 1B (right). In this neuron, stimulation of the EC with single shocks evoked an EPSP that was of sufficient amplitude to trigger a burst of action potentials when recording at resting membrane potential (-60 mV). Note that no IPSP was observed following the ECevoked EPSP, which was characteristic of fast-firing neurons (six of nine cells tested). In three fast-firing cells, EC stimulation evoked an EPSP followed by either a small early IPSP (n = 2; Fig. 4C , -56 mV response) or an early and late IPSP (n = 1).
As a group, fast-firing cells (six of nine) tended to fire in bursts or discharged a train of action potentials following EC stimulation, in contrast to pyramidal cells and late-firing neurons, which fired single spikes. However, two of the cells tested were somewhat unusual in that at most they could be made to fire only a single action potential even when high intensities of stimulation were used to drive BLA afferents within the EC (Fig.  4C) . The records in Figure 4A show that both the duration of the orthodromically evoked bursts and the number of spikes per burst in fast-firing cells graded with changes in stimulus intensity. In this cell, a single action potential was evoked when the EC was stimulated at an intensity that was just above threshold for eliciting spike firing (Fig. 4A, left) , whereas bursts consisting of two to five action potentials were evoked as the stimulus voltage was increased. The length of the burst was also dependent on the membrane potential of the cell at the time when recordings were being taken. This is illustrated in the and Moises l Properties of BL Amygdaloid Neurons Figure 4 . Effects of varying stimulus intensity or membrane potential on the synaptically evoked responses of fast-firing BLA neurons to EC stimulation. A, This fast-firing neuron discharged a single action potential in response to stimulation of the EC with 0.1 msec pulses at the threshold stimulus intensity (27 V) and with bursts of action potentials of increased duration as stimulus intensity was increased (left to right). B, Responses of a different fast-firing cell to EC stimulation recorded at various membrane potentials. Stimulation of the EC (solid circles below traces) while the membrane potential was manually clamped to -90 mV produced a large EPSP that led to the generation of a short burst of action potentials (left). As the membrane was depolarized by injection of DC current, EC stimulation with the same parameters evoked progressively longer trains of action potentials. C, Recording from a third fast-firing neuron that discharged single action potentials superimposed on an EPSP in response to EC stimulation, at all membrane potentials tested. Recordings obtained at resting membrane potential (-56 mV, far right) reveal a spontaneously generated single spike (first action potential in the record) that was followed an action potential generated in response to EC stimulation. Resting membrane potentials were -58 mV and -61 mV for the cells in A and B, respectively. records of Figure 4B , which shows EC-evoked responses that were recorded in another neuron while it was held at four different membrane potentials. At resting membrane potential (-55 mV), EC stimulation triggered a train of 12 action potentials in this neuron. Progressive hyperpolarization of the cell with direct current injection resulted in graded reductions in the number of action potentials per burst (Fig. 4B , right to left).
Morphological characteristics of BLA neurons
Seventy-eight neurons that had the physiological properties of pyramidal cells were successfully labeled intracellularly with LY. Each of these neurons shared a common profile of morphological features like that shown in Figures 5 and 6 . The prominent features that enabled us to identify these neurons as pyramidal cells can be seen in Figure 5 , which shows a photomicrograph and corresponding camera lucida reconstruction of an LY-labeled pyramidal cell. Cells bodies were usually pyramidal or conical in shape and measured from 10 to 30 Km along their major axis. The somata of LY-labeled pyramidal cells were free of spines and had one to five gradually tapering apical dendrites that were estimated to be 3-5 pm thick. Typically, one of these dendrites was thicker than the rest and extended the farthest distance (200-700 Mm) from the soma. In the horizontal forebrain slice preparations used here, this major apical dendrite was often oriented in the rostra1 direction, although this orientation was less obvious in cells located along the medial or lateral borders of the nucleus. Each of the apical dendrites branched into 5-I 0 smaller secondary dendrites, which in many instances formed tertiary and, less often, quartenary branches. The initial branch point off of the major dendrite or dendrites usually occurred at a distance greater than 30 MM from the cell body. Another morphological feature that was characteristic of pyramidal cells was the presence of dendritic spines. Although the soma and the proximal portions ofthe large-caliber dendrites were free of spines, all other portions of the dendrites were densely covered. These spines had thin stalks that ended in bulbous swellings, giving them a mushroom-like appearance (inset in Fig. 5 ). In addition to the apical dendrite, pyramidal cells usually had five to nine thinner basal dendrites that emerged from the cell body. The basal dendrites usually arose from the base (Fig. 5) or, less often, from the side of the somata of pyramidal cells. These dendrites branched heavily within 100 pm of the cell body, and the basal dendritic field generally did not extend more than 300 pm from the soma. In most instances, the apical and basal dendrites extended away from the cell body in all directions, thus giving pyramidal cells a generally symmetrical appearance. The only exceptions to this were labeled neurons that were located along the lateral margin of the nucleus next to the EC. In these instances (see, e.g., Fig. 64 , the large majority of Figure 5 . Morphology of a physiologicallv identified BLA ovramidal cell in a ho'tizontal slice of rai BLA. A, Fluorescence micrograph of an LY-labeled pyramidal cell. Note the prominent apical dendrite extending upward from the cell body and the extensive system of basal dendrites that radiate from below the cell body. Note also the much smaller LY-labeled neuron seen below and to the right of the cell body of the pyramidal cell. Separate impalement of the smaller neuron revealed it to have electrophysiological properties consistent with those of a local interneuron. Inset, Higher-magnification photomicrograph illustrating morphological characteristics of mushroom-like dendritic spines of the pyramidal neuron. B, Camera lucida reconstruction of the LY-filled pyramidal cell shown in A. Dendritic spines have not been 'drawn in this and subsequent reconstructions. Scale bars: A and B, 25 pm; inset, 10 pm. dendrites extended away from the EC whereas the axons were generally seen to enter it. Cells located in this position within the BLA had a definite asymmetrical appearance.
While the features described above were the general rule, pyramidal cell morphology formed something of a continuum. The six pyramidal cells shown in Figure 6 illustrate the transitional diversity of this class of neurons. Overall, we found that approximately 70% of the cells studied possessed a pyramidal soma and a prominent apical dendrite while approximately 30% of physiologically characterized pyramidal cells had stellate or multipolar somata and dendrites of roughly equal caliber and length. With the exception of the perikaryal shape and perceived lack of polarity, all morphological characteristics matched those of the pyramidal cells described above.
We were able to visualize major portions ofthe axonal systems of pyramidal cells only after long injection periods (> 15 min; PZ = 5). In these neurons, a single labeled axon extended from the base or side of the cell body and gave rise to three to seven branches that formed an extensive axonal field (see Fig. 6 ). The principal axon and its collaterals were clearly distinguished from dendrites by their thinner diameter and lack of spines. In addition, numerous varicosities along the length of pyramidal cell axons often gave them a beaded appearance. The trajectory of the visualized axons was typically much straighter than that of the dendrites. Because of the large degree of axonal branching and fading of LY in the labeled axons during the course of observation, we were unable to delineate potential targets of the axons clearly. However, in four instances, axons were seen to enter and course through the EC.
Twelve neurons were labeled that possessed the electrophysiological characteristics of late-firing neurons. These cells displayed no preferred position or orientation within the BLA in horizontal slices. The characteristic morphological features of a late-firing cell are illustrated in Figure 7 , which shows a photomicrograph and corresponding camera lucida drawing from a representative LY-labeled neuron. Figure 8 shows the diversity of morphologies found among neurons that exhibited electrophysiological properties of late-firing cells. This class of neurons was characterized by having pyramidal-like to ovoid cell bodies that measured 9-17 pm (mean, 13 + 0.5 ym) along their major axis. One to five primary dendrites and four to eight thinner dendrites radiated from the cell body in all directions. All dendrites branched profusely within 10-100 pm of the cell body and formed a compact dendritic field that was typically much smaller and denser than that of the LY-labeled pyramidal cells. The dendritic branch points of late-firing cells appeared to be more closely spaced than in physiologically characterized and morphologically identified pyramidal neurons, and there appeared to be a relatively high incidence of tertiary and quartenary branching in late-firing neurons. These cells were also recognized as having a morphology distinct from pyramidal cells by virtue of the fact that the most prominent of the apical dendrites ended abruptly within I O-20 pm of the cell body and branched into two to four secondary dendrites from this same point. This was in marked contrast to the typical gradually tapering apical dendrite of pyramidal cells. Apical and basal dendrites of physiologically identified late-firing neurons were densely covered with pedunculated dendritic spines (Fig. 7 , inset) that appeared to be indistinguishable from those of pyramidal cells, in terms of both their morphology and density of packing on the dendrites.
Axons were visible in only 3 of the 12 LY-labeled late-firing neurons. These arose from the base or side of the cell body and branched repeatedly in close proximity to the perikaryon as were seen to enter and course through this fiber pathway. B, Bipolar cell in rat BLA. Note the two apical dendrites radiating from opposite poles of the cell body. An axon extended from the side of the cell body (arrowhead). C, Multipolar neuron with extensively branching axon (arrowhecuk). SF, Neurons with various dendritic morphologies and pyramidal somata. Note that the cells in D and F possessed apical dendrites that branched at considerable distances from the cell body, while that of the cell in E branched close to the soma. Scale bar, 100 urn. illustrated for the cell shown in Figure 7 (arrowheads). The axon sponding camera lucida reconstruction of a fast-firing neuron collaterals of the LY-filled late-firing cell, like those of the laare shown in Figure 9 , and camera lucida drawings of five others beled pyramidal cells, were clearly distinguished from dendrites are shown in Figure 10 . The size and shape of the somata of by their thinner diameter (0.5-l pm) and aspiny, varicose apfast-firing neurons were found to be quite heterogeneous and pearance.
ranged from fusiform or multipolar to spherical. These neurons Seven BLA neurons that possessed the electrophysiological had one to four primary dendrites that branched to a much characteristics of fast-firing neurons were recovered following smaller degree than those of pyramidal or late-firing neurons. intracellular labeling with LY. A photomicrograph and correIn addition, the dendtitic processes of these cells were aspiny Figure 9 . Morphology of a fast-firing neuron in the rat BLA. A, Fluorescence micrograph of an LY-filled spine-sparse multipolar neuron located adjacent to the EC. Inset, Higher-magnification micrograph shows the aspiny dendrites of the same cell. B, Camera lucida reconstruction of the same cell as in A.
The approximate boundaries of the EC are shown by dotted lines. Note that dendrites of this neuron extended only a short distance into the EC. The axon (arrowheads) is visible as a very fine process extending from the cell body in a course roughly parallel to that of the EC. Scale bars: A, 20 pm; inset, 14 pm; B, 28 pm.
and Moises -Properties of BL Amygdaloid Neurons of a prolonged slow AHP that followed a series of currentevoked action potentials. A second class of cells was designated as late-firing neurons and accounted for most of the remaining 7% of impalements. These cells were clearly distinguished from pyramidal neurons by virtue of the fact that they fired action potentials at a delayed onset in response to intracellular injection of a depolarizing current pulse and by their very negative resting membrane potential. The third class of cells consisted of a small group of fast-firing neurons that possessed electrophysiological characteristics that were essentially indistinguishable from those of local intrinsic inhibitory interneurons found in hippocampus (Schwartzkroin and Mathers, 1978; Lacaille and Schwartzkroin, 1988a; Scharfman and Schwartzkroin, 1988) and cortex (McCormick et al., 1985) . All 10 of these neurons fired trains of single action potentials at moderate to high frequencies in response to short and prolonged depolarizing current pulses, without evidence of accommodation. These cells were further distinguished by the short duration (0.7 f 0.1 msec) of their action potentials.
Pyramidal neurons
The passive and active membrane properties of BLA pyramidal neurons recorded here are in close agreement with those described previously for pyramidal cells in this brain region (Gean and Shinnick-Gallagher, 1988, 1989; Washburn and Moises, 1992a,b; Womble and Moises, 1992) . They are also remarkably similar to those of pyramidal cells in rat hippocampus (Wong and Prince, 198 1; Madison and Nicoll, 1984) and cortex (Connors et al., 1982; McCormick et al., 1985; Changac-Amatai et al., 1990) . This was particularly evident in regard to the responses produced in these cells by intracellular injection of depolarizing current. Thus, passage of a 250 msec depolarizing current pulse triggered a burst of action potentials, followed by a marked accommodation response. In two-thirds of the pyramidal cells studied, the accommodation response was characterized by a progressive slowing of spike discharge, whereas in the remaining one-third it was represented by a complete cessation of discharge following an initial burst of action potentials. In virtually all pyramidal cells, a prolonged hyperpolarizing potential consisting of an initial intermediate AHP (Storm, 1989; Williamson and Alger, 1990) and subsequent slow AHP were seen to follow a current-evoked series of action potentials. Results from current- (Washburn and Moises, 1992a) and voltage-clamp (Womble and Moises, 1992) recordings from our laboratory suggest that the AHPs recorded in rat BLA neurons are similar to those found in hippocampal (Lancaster and Adams, 1986; Lancaster and Nicoll, 1987; Madison et al., 1987) and cortical (McCormick and Prince, 1986; Constanti and Sim, 1987) pyramidal cells.
Intracellular labeling of neurons that exhibited the physiological properties of pyramidal cells revealed that these cells had morphological characteristics that were nearly identical to those of pyramidal cells described in Golgi studies of rat BLA (McDonald, 1982 (McDonald, , 1984 Millhouse and DeOlmos, 1983) . McDonald (1982 McDonald ( , 1984 categorized his Golgi-impregnated material from rat BLA into three classes of cells consisting of spiny pyramidal-type projection neurons (class I), spine-sparse local circuit neurons (class II), and neurogliaform cells (class III). In the present study, LY labeling of cells that were characterized electrophysiologically as pyramidal cells revealed that the predominant cell type in rat BLA is a generally homogeneous class of spiny neurons that possess a pyramidal-or conical-shaped Figure 10 . Camera lucida reconstructions of spineless or spine sparse fast-firing neurons in rat BLA. A, B, and E show multipolar neurons whose dendrites extended in a radial fashion away from the cell body. No spines were observed on any of the dendrites of these neurons. Note the simple branching pattern of the neurons drawn here. C, Small fastfiring neuron with spherical cell body and spine-sparse dendrites. This is the same small cell shown to be adjacent to the larger LY-labeled pyramidal cell in the micrograph in Figure 5A . D, Tufted cell with conical cell body and simple dendritic pattern. Scale bar, 20 pm.
or spine sparse, a characteristic that further distinguished them from pyramidal cells and late-firing neurons (Fig. 9, inset) . When dendritic spines were present, they were of the sessile rather than pedunculated type, and therefore appeared as small bumps rather than stalks with beads at their ends. A further distinguishing morphological feature of these cells was their dendritic fields, which were typically much smaller and simpler than those of the previously described cell classes. With the exception of the cell shown in Figure 9 , we were unable to visualize any portion of the axons of fast-firing cells and therefore cannot comment on the overall extent of axonal branching of these neurons. It should be noted that because of the fragility of the impalements, the duration of dye-injection in these cells was generally limited to no more than 1 min. Therefore, we cannot be certain that fast-firing cells were labeled as completely as pyramidal or late-firing cells. Nonetheless, it appeared that this potential limitation was partially overcome by the presumed smaller total volume of these cells since short LY injections could lead to fills like that of the fast-firing cell seen in Figure 9 .
Discussion
In this study, we have demonstrated the presence of three distinct classes of neurons in the rat BLA that can be distinguished on the basis of their electrophysiological properties. In addition, each physiologically defined class of neurons was shown to correspond generally to a morphologically discrete category of cells as determined by intracellular labeling with LY. The predominant cell type was the pyramidal-type neuron, which accounted for approximately 93% of the total recordings obtained in rat BLA. Pyramidal cells were characterized electrophysiologically by their rapid discharge of a short burst of action potentials in response to short depolarizing current pulses and their prominent accommodation responses to prolonged depolarizing stimuli. Neurons in this class were also identified by the presence cell body with one to five large apical dendrites and five to nine thinner basal dendrites. Such neurons accounted for approximately 70% of all labeled cells that showed pyramidal cell physiology. The largest of the apical dendrites was generally oriented in the rostra1 direction, confirming earlier observations that were made in horizontal sections of rat BLA with the Golgi technique (Millhouse and DeOlmos, 1983; McDonald, 1984) . The remaining 30% of LY-labeled neurons that were physiologically characterized as pyramidal cells had stellate or multipolar cell bodies with three to six spiny dendrites of roughly equal diameter that arose from a number of points around the cell body. There was not always a clear distinction between pyramidal and stellate cells, with many cells displaying intermediate morphologies. Stellate pyramidal cells have been described in previous Golgi impregnation studies of the rat BLA by both McDonald (1982 McDonald ( , 1984 and Millhouse and DeOlmos (1983) .
On the basis of their morphology, most of the LY-labeled pyramidal-type neurons described here bore a remarkable resemblance to hippocampal and, especially, spiny pyramidal and stellate cells in cortex (Peters and Kara, 1985a,b) . This same observation has also been made previously in Golgi-stained preparations of rat BLA (McDonald, 1982 (McDonald, , 1984 Millhouse and DeOlmos, 1983) . Nonetheless, whereas the cortex and hippocampus exhibit a very strict structural organization, Golgi staining of neurons in rat BLA has so far failed to reveal any degree of systematic organization of neuronal elements, except in the posterior portion of the nucleus where the apical dendrites of pyramidal cells are oriented perpendicularly to the dendrites of presumed interneurons (McDonald, 1984) .
Late-firing neurons
The most striking electrophysiological characteristics of latefiring neurons were their very negative resting membrane potential (-82.4 of: 1.2 mV) and conspicuous delay in the onset of spike firing in response to depolarizing current injection. The finding that the delayed onset to firing in these cells was blocked by conditioning depolarization or by bath application of 4-AP suggests that the activation of the transient potassium current, I, or Z, might be responsible for mediating this characteristic firing pattern. While these two currents are similar in many ways, Z, has a slower rate of inactivation than Z,, is more sensitive to 4-AP, and has a slightly more negative threshold for activation and inactivation (for review, see Storm, 1990) . Although we were unable with conventional voltage recordings to determine unequivocally which of these transient potassium currents is present in late-firing neurons, two pieces of data suggest that activation of ZD was primarily responsible for mediating the characteristic delay in spike initiation. First, the initial period of membrane rectification was blocked at relatively negative levels of conditioning depolarization. Second, 4-AP blocked the initial delay before spike discharge at a concentration (100 PM) that was at least an order of magnitude lower than that required to block IA in central neurons when recording under voltage clamp (l-5 mM) (Gustafsson et al., 1982; Storm et al., 1988; Surmeier et al., 1988) . Moreover, in recent voltageclamp recordings from late-firing cells, we have identified a slowly decaying potassium conductance whose characteristics, including sensitivity to low concentrations of 4-AP (50 PM), are similar to those of Z,, described in hippocampal pyramidal cells (see Storm, 1988) . It should be noted that superfusion of 4-AP also increased the frequency of repetitive spike discharges in response to depolarizing current injection. This effect has been observed in cultured hippocampal pyramidal neurons (Segal et al., 1984) as well as rat BLA pyramidal cells (Gean and ShinnickGallagher, 1989) . Thus, based on the present results, it would appear that ID, and possibly IA, plays an important role in controlling the pattern of spike discharge in two classes of BLA neurons, the pyramidal and late-firing cells.
Intracellular labeling of late-firing neurons with LY revealed that while such cells exhibited a morphological pattern that in some ways resembled those of pyramidal cells, they also displayed unique morphological features that identified them as a distinct anatomical class. Thus, while the cell bodies of latefiring neurons were typically pyramidal or pyramidal-like in appearance, they were consistently smaller than those of the vast majority ofpyramidal neurons. In addition, the most prominent of the apical dendrites extending from the cell body of LY-labeled late-firing cells ended abruptly with two to four spiny dendritic branches emanating from this point. In contrast, a gradual tapering of the apical dendrites was characteristically observed in the majority of LY-labeled neurons that possessed the physiological properties of pyramidal cells. Moreover, although the dendrites of late-firing neurons displayed a spiny appearance much like that of pyramidal cells, they were generally shorter and branched more profusely than those of a typical LY-labeled pyramidal neuron. According to the classifications advanced by McDonald (1982 McDonald ( , 1984 , the spiny latefiring neurons described here would correspond to a subset of class I or spiny-type projection neurons. However, when the anatomical and electrophysiological data are considered together, we feel that late-firing cells constitute a distinct class of cells rather than a subset of pyramidal cells.
Fast-firing neurons Fast-firing neurons were readily distinguished from pyramidal and late-firing neurons on the basis of their active and passive membrane properties, most notably the very short duration of their action potentials (0.7 ? 0.1 msec) and their ability to fire at a rapid rate of discharge in response to intracellular injection of depolarizing current. Overall, the electrophysiological properties of the fast-firing cells that were recorded in rat BLA were remarkably similar to those of identified inhibitory interneurons in rat and guinea pig hippocampus (Schwartzkroin and Mathers, 1978; Knowles and Schwartzkroin, 198 1; Ashwood et al., 1984; Lacaille and Schwartzkroin, 1988a; Scharfman and Schwartzkroin, 1988 ) and cortex (Satou et al., 1983; McCormick et al., 1985) . While fast-firing cells displayed a marked degree of heterogeneity in terms of their passive membrane properties, as a group they had a higher input resistance and shorter time constant than pyramidal or late-firing cells. In addition, fast-firing cells were the only cells that under our recording conditions were spontaneously active at rest. Fast-firing cells were also rather unique in that the majority ofthese neurons fired in bursts of action potentials, both spontaneously and in response to EC stimulation. The excitatory synaptic responses that were elicited in fast-firing neurons following EC stimulation were generally not followed by prominent IPSPs, and in this way these neurons were reminiscent of late-firing cells rather than pyramidal cells. The fact that neurons within this class exhibited considerable variability in terms of spontaneous and stimulus-evoked synaptic events, as well as their firing pattern to threshold depolarizing stimuli, suggests that these neurons did not comprise a homogeneous population.
The morphology of fast-firing cells was substantially different and Moises l Properties of BL Amygdaloid Neurons than that of pyramidal and late-firing cells. The somata of fastfiring cells were not pyramidal but rather consisted of a heterogeneous distribution of morphologies that ranged from spherical to multipolar. In addition, LY-labeled fast-firing neurons were typically aspiny or sparsely spiny. In the only cell in which spines were observed, spines were sessile and were readily distinguished from the mushroom-like spines of pyramidal and latefiring cells. The dendrites of fast-firing cells were generally shorter and branched to a much smaller extent than those of the pyramidal and late-firing cells. On the basis of these features, we suggest that the fast-firing neurons described in this study correspond to the Golgi-labeled class II cells of McDonald (1982 McDonald ( , 1984 and the aspiny stellate cells of Millhouse and DeOlmos (1983) . Since only a small number (n = 7) of fast-firing cells were successfully labeled in this study, some members of the heterogeneous assortment of class II cells described in these studies were not seen here, most notably the bipolar and bitufted cells of McDonald (1982) . It should be noted that a marked similarity in morphology exists between the LY-labeled fastfiring neurons described here and GABA-containing neurons that have been described in immunohistochemical studies in rat BLA (McDonald, 1985b; McDonald and Pearson, 1989) and cortex (Ottersen and Storm-Mathisen, 1984; Seguela et al., 1984) . Based on common electrophysiological and morphological properties, we conclude that the fast-firing neurons described here are likely to represent a population or populations of intrinsic inhibitory interneurons.
The application of sensitive immunohistochemical methods by several groups has demonstrated that different populations of nonpyramidal neurons in the rat BLA are immunoreactive for a number of peptides including somatostatin, cholecystokinin, and vasoactive intestinal peptide (Roberts et al., 1982; McDonald, 1985a) . McDonald (1985a) reported that there was a significant difference in perikaryal size among each of the different types of peptide-immunoreactive neurons. Recently, McDonald and Pearson (1989) showed further that most ofthese nonpyramidal peptide-containing neurons in rat BLA colocalized GABA. It is tempting to speculate that this diversity in neurochemical identity might in turn be related to the electrophysiological and morphological heterogeneity of fast-firing neurons described here and be reflected in the range of morphologies of Golgi-impregnated class II neurons (McDonald, 1982 (McDonald, , 1984 Millhouse and DeOlmos, 1983 ) and GABA-immunoreactive cells in rat BLA (McDonald, 1985b) . This notion is especially appealing given that recent electrophysiological studies suggest that separate subclasses of inhibitory intemeurons may underlie the early and late IPSPs recorded in neurons in the basolateral (Rainine et al., 1991) and lateral (Sugita et al., 1992) amygdala, as well as in hippocampal pyramidal cells (Lacaille et al., 1987; Lacaille and Schwartzkroin, 1988b; Segal, 1990; Doze et al., 1991) . physiological properties and their morphological features as deIn summary, we were able to identify three distinct cell types termined by LY labeling. Consistent with previous work within the rat BLA based upon correlations of their electro- (McDonald, 1982 (McDonald, , 1984 Millhouse and DeOlmos, 1983; Washbum and Moises, 1992a) , we found that the predominant cell type in this brain region consisted of pyramidal neurons whose electrophysiological and morphological properties are similar to those of pyramidal cells found elsewhere in the CNS. A somewhat unexpected finding was the identification of a previously uncharacterized cell type, designated here as late-firing neurons, whose morphological features were similar to those of pyramidal cells and that therefore may not have been identified as a distinct cell class in earlier Golgi studies. Finally, fast-firing neurons exhibited a profile of electrophysiological and morphological properties characteristic of GABAergic inhibitory interneurons. Taken together, these results support the notion that the BLA exhibits a neuronal organization that in many ways parallels that of cortex and hippocampus, brain regions with which the BLA maintains extensive interconnections (Carlsen and Heimer, 1988; Carlsen, 1989) .
